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ABSTRACT
Estimating the Age of a Bloodstain using Droplet Digital PCR

Kalee Crampton

Biological evidence is extremely valuable in the investigation of a crime due to the
presence of DNA. DNA evidence is considered the gold standard in court cases due to its ability
to link a suspect to a piece of evidence. In addition to DNA evidence, biological stains have the
potential to provide a temporal link between an individual and a crime scene. Previous studies
have shown that relative rates of RNA degradation can be used in order to estimate the age of
bloodstains. Here, we examined the ability of droplet digital PCR to be used in place of
quantitative PCR in such an assay. Droplet digital PCR was unsuccessful in estimating the age
of a bloodstain due to the difficulty associated with multiplexing linked targets. We also found
that comparing rates of mRNA to rRNA degradation was not possible due to the large difference
in abundance of the two types of RNA and the dynamic range of the instrument. Although
droplet digital PCR was unsuccessful as a tool to estimate the age of a bloodstain, this work still
provides valuable information for the refinement of an assay that can estimate the age of
biological fluid stains.
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Comparison of large to small fragments of Beta-actin mRNA and 18S rRNA
Introduction
Within the field of forensic science, biological evidence is of large significance due to its
ability to link a suspect to a crime via DNA analysis. Much advancement has been made with
regard to DNA analysis and the ability to spatially link a suspect to a particular crime scene 1.
However, crime labs today are still left without a routine method to temporally link a suspect to a
particular piece of biological evidence. There is a clear need for such an assay in the field of
forensic science because often times there is an abundance of biological evidence at a scene,
which may or may not be relevant depending on when it was left at the scene. This is
particularly true in cases where there is a logical reason why DNA may have been left by an
individual, such as when a crime scene is inside one’s home.
Although no method has been widely adopted by crime laboratories thus far, there has
been a plethora of research conducted attempting to determine the age of a bloodstain. The
earliest attempts focused on correlating the color of an aged bloodstain with the time since
deposition 2. While these attempts were extremely subjective and not very reliable, advances in
technology have allowed for the development of more accurate colorimetric analyses, one of
which allows for the estimation of a bloodstain using a smartphone 3. Other attempts include
examining changes in hemoglobin composition over time, analysis of serum proteins and
hormones, and measuring solubility of the dried stain in water 2. While each of these methods
does have its own advantages, one common drawback is that these methods can only be applied
to bloodstains and not to other biological fluids. Additionally, most of the attempts made to
estimate the age of a bloodstain are only reliable for a short time period after deposition of the
stain 2.
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Previously, the Bishop lab has shown that relative rates of RNA degradation could be
used in order to estimate the age of a bloodstain 2,4,5. This method involves comparing the
relative ratio of an mRNA to an rRNA transcript as well as comparing the relative ratio of a
small to large fragment of the same RNA species over time. As the RNA degrades the ratio of
the larger fragment to the smaller fragment will decrease as will the ratio of mRNA to rRNA 5.
This method is advantageous over those previously mentioned because it has the potential to be
useful over large periods of time; some research has shown that RNA suitable for PCR could be
detected in bloodstains up to 15 years old 6. Additionally, the use of housekeeping genes in this
type analysis would allow for the assay to be applied to any type of biological fluid.
Although we have had some success using qPCR in order to estimate the age of
bloodstains, there are still drawbacks to this approach. Using qPCR requires multiplex reactions
containing primer and probe combinations for a small and large amplicon within the same RNA
species; the larger the difference in size between the small and large amplicon, the more useful
the assay will be for age determination. This type of assay presents a problem because it can
result in preferential amplification of the smaller amplicon, which can cause unreliable results
and limits the usefulness of the assay7. Quantitative PCR reactions can also be influenced by
inhibitors that may be encountered often in forensic samples, such as indigo dye used in the
production of denim jeans 8.
Droplet digital PCR is a relatively new technology that can potentially be used to
improve upon the qPCR assay previously developed by the Bishop lab. Droplet digital PCR
works by partitioning a single reaction into approximately 20,000 nanoliter sized droplets which
each function as independent reaction vessels. The PCR reaction is allowed to continue to
endpoint and then the fluorescent amplitude of each droplet is recorded, and the droplets are
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scored as either positive or negative. Based on the proportion of positive droplets in the reaction
and Poisson modeling, an estimate of the starting copy number of the target is provided 9. This
type of PCR allows for absolute quantification of a target as opposed to relative quantification
and also has increased precision and sensitivity at low copy numbers 10,11. Furthermore, ddPCR
assays are less susceptible to inhibitors because they are run to endpoint before quantification
occurs 8,12. Droplet digital PCR is also advantageous because the droplet partitioning allows for
multiplexing using intercalating dyes rather than hydrolysis probes. This is because fluorescent
amplitude of the droplets is directly related to the size of the amplicon contained within the
droplet. Therefore multiplexing amplicons of different sizes results in two different droplet
populations that can be quantified separately 9.
Droplet digital PCR has the potential to improve upon previously design qPCR assays
due to the droplet partitioning, sensitivity, and robustness to inhibitors of the ddPCR workflow.
Here we aim to develop a ddPCR assay that can be used to estimate the age of a bloodstain.
Methods
Experimental Overview
The objective of this study was to compare large and small fragments on the same RNA
molecule. Beta-actin mRNA and 18S rRNA were chosen as the two RNA molecules to be used
in this study based on their previous success in qPCR assays 5. The primer sets used in this assay
were either previously designed by Anderson et al. (2011), or designed using Primer3 Plus
primer design software (Table 1.). All primer sets were checked for specificity using primer
blast through the National Center for Biotechnology Information (NCBI) and supplied by
Integrated DNA Technologies (IDT). A gene-block including both Beta-actin amplicons was
synthesized by IDT for use as a positive control.
3

Because multiplexing can be achieved using an intercalating dye (evagreen) in ddPCR
reactions, probes were not necessary. However, in order to multiplex two amplicons on the same
RNA molecule, it is necessary that they segregate into separate droplets during the droplet
generation phase of ddPCR. This necessitates second strand synthesis, a cleanup step, and the
addition of a restriction enzyme that will cut the double stranded cDNA in between the two
amplicons (Fig 1.). Restriction enzymes were identified using Restriction Mapper version 3 and
were supplied by New England BioLabs; BsrBI was used for 18S comparisons and ScaI was
used for Beta-actin comparisons. Temperature gradients were used in singleplex and for each
multiplex reaction to determine the optimal annealing temperature for each assay. The optimal
annealing temperature was the one which produced the most separation between droplet
populations. If necessary, primer concentration was adjusted to achieve further separation of
droplet populations. Dilution series of template were performed for the positive control, and
cDNA samples with beta-actin and 18S primer sets to ensure that the reaction was not being
overloaded with template.
Table 1. Primer Sequences for small and large fragments of beta-actin and 18S RNA. * Indicates previously
published primers5.

Name

Gene

Amplicon
Length

Primer Sequences

BA301*

Beta-actin mRNA

301 bp

FP: 5' CTT CAA CAC CCC AGC CAT GT 3’
RP: 5' CTC TTG CTC GAA GTC CAG GG 3'

BA89*

Beta-actin mRNA

89 bp

FP: 5' TCA TTC CAA ATA TGA GAT GCA TTG T 3’
RP: 5' GGA CTG GGC CAT TCT CCT TAG 3'

18S66

18S rRNA

66 bp

FP: 5' GAA TTG ACG GAA GGG CACC 3’
RP: 5' AGG TTT CCC GTG TTG AGT CAA ATT A 3'

18S137

18S rRNA

137 bp

FP: 5' GTG CAT GGC CGT TCT TAG TT 3’
RP: 5' GAA CGC CAC TTG TCC CTC TA 3'

18S1

18S rRNA

63 bp

FP: 5’ GGG ATC GGG GAT TGC AAT TA 3’
RP: 5’ GCT TAT GAC CCG CAC TTA CT 3’

18S3

18S rRNA

221 bp

FP: 5’ CAT TCG AAC GTC TGC CCT AT 3’
RP: 5’ ATT CCA ATT ACA GGG CCT CG 3’

4

1

4
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Fig 1. Experimental Workflow.

Figure 1. Experimental Workflow

Sample Collection
Blood was spotted on cotton cloth in 10 μL aliquots from a male and female donor. The
blood was allowed to age, and RNA was isolated from fresh, 7-day, 16-day, 23 day, and 38-dayold stains. Two biological replicates were used for each time point. The cotton cloth was kept at
room temperature for the duration of the aging process.
RNA Isolation
Two spots of blood from each time point were cut from the cotton cloth and added to 200
μL of nuclease free water, 3 μL of cold polyacryl carrier, and 750 μL of RNAzol BD (Molecular
Research Center). The samples were vortexed then incubated in a 50°C water bath for 10
minutes. One hundred microliters of 1-bromo-3-chloropropane (BCP) was added to the samples
to assist in phase separation. The tubes were vortexed for 15 seconds and allowed to incubate at
room temperature for 3 minutes. Following incubation, the samples were centrifuged at
12,000xg for 15 minutes. The aqueous layer was transferred to a new RNase free tube and 500
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μL of cold isopropanol was added; tubes were inverted to mix the aqueous layer and isopropanol
and allowed to incubate at room temperature for 7 minutes. Samples were then centrifuged at
12,000xg for 8 minutes. After centrifugation, the supernatant was discarded, and 1 mL of 75%
ethanol was added to wash the RNA pellet. The pellet and ethanol were briefly vortexed and
then centrifuged for 5 minutes at 12,000xg. The supernatant was removed, and the pellets were
allowed to air dry for approximately 5 minutes. Forty microliters of RNase free water was added
to the pellet and then incubated at 55°C for 10 minutes.
cDNA Synthesis
Immediately following RNA isolation, cDNA synthesis was performed. The iScript
cDNA Synthesis Kit RT-qPCR (Bio-Rad) was used according to manufacturer’s instructions.
Five microliters of input RNA was added. Following the first strand synthesis, the second strand
was synthesized using the NEBNext Ultra II Non-Directional RNA Second Strand Synthesis
Module according to Manufacturer’s instructions (New England BioLabs, Inc.). The second
strand synthesis product was then purified using the GeneJet PCR Purification Kit in order to
remove PCR inhibitors introduced by the second strand synthesis reaction.
Droplet Digital PCR
Samples were prepped at a volume of 22 μL using the QX200 ddPCR EvaGreen
Supermix. Two technical replicates were prepared for each biological replicate. Following
preparation of all PCR reactions, the samples were incubated at room temperature for 15 minutes
before being added to a droplet generation cartridge along with 70 μL of droplet generation oil.
After droplet portioning by the QX 200 Droplet Generator (Bio-Rad), the samples were
transferred to a 96 well plate using a multichannel pipet. The plate was heat-sealed and PCR was
performed using the C1000 Touch Thermal Cycler (Bio-Rad) under the following cycling
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conditions: 95°C for 5 minutes, 40 cycles of 95°C for 30 seconds then 57° for 1 minute, 4°C for
5 minutes, 90°C for 5 minutes, and then an infinite hold at 4°C. The lid temperature was set to
105°C and the reaction volume was set at 40 μL.
Data Analysis
Droplet digital PCR data was analyzed using the QuantaSoft Analysis Pro software.
Thresholds were drawn between droplet populations and the software used Poisson statistics to
identify the quantity of starting material present for each amplicon in copies per microliter 9.
The ratio of large to small fragment was calculated for each sample and these ratios were used
for downstream statistical analyses. An ANOVA was performed using ratios of aged blood
samples in order to determine if the ratio of large to small fragment was significantly different
for different ages of bloodstains.
Results
Developing a Positive Control
The gene-block, or synthetic double-stranded DNA fragment, from IDT containing both
the small and large Beta-Actin amplicons was used to establish a baseline ratio of the large BetaActin amplicon (BA301) to the small Beta-Actin amplicon (BA89); this ratio was .288 (s=.04)
with an n of 9 samples. Quantification of each amplicon did not appear to vary from singleplex
to duplex reactions, but this was not extensively investigated in this study.
Analysis of Aged Blood Using Beta-Actin
Two technical replicates and two biological replicates were measured for each time point;
any samples with low droplet counts were excluded from the analysis. A one-way analysis of
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variance (ANOVA) was used to determine that the age of the bloodstain had no significant effect
on the ratio of BA301 to BA89 present in the sample [F=.8361, p=.5851] (Fig.2).
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18S Analysis
The previously studied primer sets used for 18S analysis were not suitable for
multiplexing with evagreen in ddPCR due to the lack of droplet separation that was achieved
(Fig. 3). When comparing 18S1 and 18S3 primer sets, sufficient droplet separation was achieved
(Fig. 4) and the average ratio of 18S3 to 18S1 product was determined to be .153 (s=.222). In
this case, the standard deviation was determined to be too high to use these primer sets for an
analysis of aged blood samples.
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Discussion
The aim of this set of experiments was to determine if ddPCR had the potential to
improve the ability to estimate the age of a bloodstain. Droplet digital PCR was expected to
improve upon the previously established qPCR assay due to its increased sensitivity, robustness
to inhibitors, droplet partitioning, and decreased reliance on reaction efficiency for accurate
quantification 10,13. These claims were unable to be supported by the results of this study.
Despite designing a positive control that should produce a 1:1 ratio of amplicons in copy
number per microliter, we consistently observed a much lower ratio of .288 copies of large to
small amplicon. This suggests that reaction efficiency is still an important consideration in
ddPCR assays, even if it is not as much of a concern as in qPCR assays. Despite this setback, we
were able to use the experimentally determined ratio as a baseline and continue on with
experimental samples due to its reproducibility.
When studying the ratio of large to small fragments of Beta-actin, it was determined that
there was no difference in the ratio of large to small fragments over time. Furthermore, an aged
blood study was not conducted using the 18S primer sets due to the high variability in the ratios
observed when the primer sets were tested in fresh blood. This data would suggest that ddPCR is
not suitable for use in determining the age of a bloodstain.
However, the variability in these measurements could be attributed to the multistep
process required to prepare these samples for PCR rather than the ddPCR itself. In order to
examine two amplicons on the same RNA molecule, a second strand synthesis, purification, and
restriction digestion step had to be added to the experimental workflow. Each step in this
process is another possible place for variability and error to be introduced into the assay.
Although ddPCR has the ability to be multiplexed with evagreen dye and provide results
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comparable to TaqMan assays 14, it is clearly not the ideal option for this particular experimental
design.
This assay could be improved by switching to a TaqMan reaction chemistry where
fluorescently labeled probes could bind to the different amplicons and they would be identified
by the probe rather than the fluorescence amplitude of the droplets. This would allow for ddPCR
to occur directly following cDNA synthesis and would likely decrease some of the variability
observed in the measurements. However, it is possible that this design would lead to less
accurate quantification because the targets will still be linked. When the two targets in ddPCR
are linked in cis, inaccurate quantification can occur because the equations used rely on the
assumption of independent assortment of the targets into different droplets 15. However, it may
be possible to perform multiple singleplex reactions and calculate ratios of different targets to
each other. While it was not extensively tested in this study, it was observed that the
copies/microliter of BA89 and BA301 present in the positive control sample were approximately
the same when measured in singleplex and multiplex reactions. Another group has also shown
this to be true 16, so it may be an option for future assay design with more extensive testing.
Alternatively, a comparison between targets on different mRNA molecules could be used
to estimate the age of a bloodstain. Anderson et al. (2005) had success comparing Beta-actin
mRNA to 18S rRNA as a way to estimate the age of a bloodstain. In this scenario, mRNA was
found to degrade more rapidly than 18S rRNA and the decrease in ratio of Beta-actin to 18S was
able to be linked to the age of a bloodstain 4.
In the context of this study, it is more logical to attempt to compare amplicons on
different RNA molecules due to the increased cost that using fluorescent probes, or multiple
singleplex reactions would present. It is important to continue research that may lead to a high
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quality assay that can be implemented in crime laboratories in order to estimate the age of
biological fluids.
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Comparison of different RNA molecules to estimate the age of a bloodstain.
Introduction
Estimating the age of biological evidence left at crime scenes, specifically the age of
bloodstains, has confounded the forensic research community for many years. One method that
has been of particular interest is the study of RNA degradation. This method involves measuring
relative quantities of RNA present in dried stains in order to estimate how long the biological
fluid has been present ex vivo 2,4,5. While this method has previously been attempted using
quantitative PCR, we have attempted to improve upon the assay by using the more sensitive
droplet digital PCR technology.
The first chapter of this thesis attempted to use ddPCR to estimate the age of bloodstains
using relative ratios of large to small fragments of the same RNA species (either Beta-actin or
18S). While we found that ddPCR was not superior to qPCR in this case, it remains unclear if
ddPCR could provide an advantage when multiplexing targets on different RNA molecules. It
has previously been shown that the relative ratio of Beta-actin mRNA to 18S rRNA decreases
over time as they randomly decay at different rates in dried stains 4. This is thought to be
because of the fact that mRNA is more exposed whereas rRNA is more protected from
degradation by the proteins it is complexed with.
Here, we aim to make the comparison between Beta-actin mRNA and 18S rRNA to
determine if this type of assay can be adapted to ddPCR. We will also expand upon what was
previously done by comparing a small fragment of Beta-actin to a large fragment of Beta-2microglobulin. This is of particular interest because using two different genes will allow for a
simplified multiplexed ddPCR reaction in comparison to the multiplex reaction where both
amplicons are on the same RNA transcript. There is no evidence to suggest that one species of
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mRNA will decay faster than the other in ex vivo samples and both Beta-actin and Beta-2microglobulin are housekeeping genes that have been shown to be stably expressed in forensic
samples 17,18. If we can demonstrate that this type of assay is effective in estimating the age of a
bloodstain, it could easily be applied to other biological fluids. Furthermore, additional
multiplex reactions could be developed using other pairs of housekeeping genes in order to
strengthen the statistical power of the assay.
Methods
Gene Selection and Primer Design
A literature search was performed to identify candidate housekeeping genes. We were
particularly interested in those that would be present in high abundance in forensic samples so
that the assay would have a longer timeframe in which it would be applicable. Once genes were
selected, primers were designed using primer 3 express software. We were unable to design
primers that spanned an exon-exon junction to prevent binding to genomic DNA. However,
where possible, primer pairs were chosen so that the amplicon would span an exon-exon
junction. This would allow for easy identification of DNA contamination because products of
DNA amplification would be significantly large than those from amplification of the intended
cDNA. Primer sequences used in this chapter can be found in Table 2. Primers were tested in
multiplex reactions using temperature gradients to identify the optimal annealing temperature for
droplet separation. BA89 and 18S1 were compared in singleplex reactions to determine if there
would be enough separation in their droplet populations due to their relatively smaller size
difference. Dilution series were performed to identify the optimal dilution range for input cDNA
samples.
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Table 2. Primer sequences for comparisons between different RNA species. *Indicates previously published
primers5.

Sample Collection
Blood was spotted on cotton cloth from a single female donor. Three, 10 L aliquots of
blood were used for each time point. The bloodstains were allowed to age at ambient conditions
in a designated section of the lab. RNA was isolated from fresh, 1, 2, 3, 4, 6, 8, 10, and 12-weekold bloodstains.
RNA Isolation and cDNA Synthesis
Bloodstains were cut from the cotton cloth and added to 200 μL of nuclease free water, 3
μL of cold (4C) polyacryl carrier, and 750 μL of RNAzol BD (Molecular Research Center).
The samples were vortexed then incubated in a 50°C water bath for 10 minutes. One hundred
microliters of 1-bromo-3-chloropropane (BCP) was added to the samples to assist in phase
separation. The tubes were vortexed for 15 seconds and allowed to incubate at room temperature
for 3 minutes. Following incubation, the samples were centrifuged at 12,000xg for 15 minutes.
The aqueous layer was transferred to a new RNase free tube and 500 μL of cold (4C)
isopropanol was added; tubes were inverted to mix the aqueous layer and isopropanol and
allowed to incubate at room temperature for 7 minutes. Samples were then centrifuged at
12,000xg for 8 minutes. After centrifugation, the supernatant was discarded, and 1 mL of 75%
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ethanol was added to wash the RNA pellet. The pellet and ethanol were briefly vortexed and
then centrifuged for 5 minutes at 12,000xg. The ethanol wash step was repeated, then the
supernatant was removed, and the pellets were allowed to air dry for approximately 5 minutes.
Twenty microliters of RNase free water was added to the pellet and then incubated at 55°C for
10 minutes. Immediately following RNA isolation, cDNA synthesis was performed. The iScript
cDNA Synthesis Kit RT-qPCR (Bio-Rad) was used according to manufacturer’s instructions.
Five microliters of input RNA was added.
Droplet Digital PCR
Samples were prepped at a volume of 22 μL using the QX200 ddPCR EvaGreen
Supermix. All primers were added at a final concentration of 100nm and 2 L of template was
added to each reaction. Before completing aged studies, temperature gradients and dilution
series were used to determine the optimal annealing temperature and dilution of template to be
used in the assay. Two technical replicates were prepared for each biological replicate in the
analysis of aged bloodstains. Following preparation of the 22 L PCR reactions, 20 L of each
was added to a droplet generation cartridge along with 70 μL of droplet generation oil. After
droplet partitioning by the QX 200 Droplet Generator (Bio-Rad), the samples were transferred to
a 96 well plate using a multichannel pipet. The plate was heat-sealed and PCR was performed
using the C1000 Touch Thermal Cycler (Bio-Rad) under the following cycling conditions: 95°C
for 5 minutes, 40 cycles of 95°C for 30 seconds then 58°C for 1 minute, 4°C for 5 minutes, 90°C
for 5 minutes, and then an infinite hold at 4°C. The lid temperature was set to 105°C and the
reaction volume was set at 40 μL.
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Data Analysis
Droplet digital PCR data was analyzed using the QuantaSoft Analysis Pro
software. Thresholds were drawn between droplet populations and the software
used Poisson statistics to identify the quantity of starting material present for each
amplicon in copies per microliter 9 . The ratio of large to small fragment was
calculated for each sample and these ratios we re used for downstream statistical
analyses. An ANOVA was performed using ratios of aged blood samples in order to
determine if the ratio of large to small fragment was significantly different for
different ages of bloodstains.
Results
Comparison of mRNA to rRNA
We first attempted to determine if it was possible to compare Beta-actin mRNA (BA89)
to 18S rRNA (18S1) using ddPCR. Singleplex reactions of each were compared to determine if
there would be enough separation in the fluorescent amplitude of the droplet populations to allow
for a multiplex between these two primer sets. We found that in order to achieve quantification
of the 18S rRNA transcript, it was necessary to dilute the sample to the point where the Betaactin mRNA was no longer detected (Fig. 5). Therefore, multiplexing a Beta-actin amplicon
with an 18S amplicon is not an option using ddPCR.
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Comparison of Beta-actin to Beta-2-microglobulin
Beta-actin and Beta-2-microglobulin were able to be successfully multiplexed, and the
ratio of B2Ma to BA89 was measured at multiple timepoints. There was no significant
difference in the ratio of B2Ma to BA89 between any of the timepoints measured [F= 2.5883,
p=.0502]. In addition to there being no significant difference in any of the time points, there
does not appear to be any pattern emerging regarding the change in ratio over time (Fig 6.).
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Figure 6. Average ratio
of B2Ma to BA89 in aged bloodstains. There was no significant difference in the ratio
between timepoints [F=2.5883, p=.0502]. Bars represent the 95% confidence interval.

Discussion
The main objective of this study was to determine if rates of degradation between
different RNA molecules could be used to estimate the age of a bloodstain using ddPCR. Based
on the results above, this does not appear to be possible. Comparing mRNA to rRNA (Fig. 4),
was unsuccessful largely due to the dynamic range of the ddPCR machine. Because the
Quantasoft software uses a Poisson distribution to provide an absolute quantification of the
target, it is imperative that there are both positive (contains target) and negative (does not contain
target) droplets in the reaction. Therefore, if too many copies of target cDNA are present
quantification is not possible and the input sample must be diluted 19–21. Ribosomal RNA
accounts for the majority of RNA in a cell and is far more abundant than mRNA, so it is unlikely
that any comparison of mRNA to rRNA would be possible using ddPCR 22.
Our attempts to use a large fragment of beta-2-microglobulin compared to a small
fragment of Beta-actin were also unsuccessful (Fig. 6). This could be due to variability in the
amount of starting mRNA in the sample. It is also possible that the fact that there is more Beta2-microglobulin present in blood samples than Beta-actin could affect the change in the ratio
19

over time 18. The comparison between a small and large fragment is based on the idea that a
random degradation event is more likely to occur within a large area more often than within a
small area. While this has been shown to work well where both segments are part of the same
RNA transcript 5, using two different RNA transcripts complicates this design by adding extra
variables. These include the amount of starting material and the possibility that the more
abundant RNA species will incur more degradation events.
Although our attempts to estimate the age of a bloodstain using ddPCR were
unsuccessful, measuring relative rates of RNA degradation using qPCR is still a viable option. It
has been previously shown that estimating the age of bloodstains using qPCR is possible using
both comparison of mRNA and rRNA, and small and large fragments on the same RNA
transcript 4,5. Quantitative PCR is also cheaper than digital PCR 23, and less time consuming.
Furthermore, forensic laboratories that perform STR analysis will already have a qPCR machine
that they use for quantifying DNA samples and would not have to invest in the costly droplet
digital PCR equipment in order to implement those assays.
Future research should focus on expanding the usefulness of the previously published
assays for estimating the age of a bloodstain. Droplet digital PCR was originally attempted to
help alleviate preferential amplification of the smaller fragment in the qPCR assays 5. An
alternative approach may be to use similarly sized amplicons and make several comparisons
between different mRNA and rRNA transcripts. This would allow for a multivariate approach
that can strengthen the statistical power of the assay.
In conclusion, digital PCR does not provide significant advantages over quantitative PCR
in terms of estimating the age of a bloodstain. However, examining relative rates of RNA
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degradation remains the most promising method for estimating the age of all biological fluids
over a large time period, and attempts to improve these assays should continue.
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